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[57] ABSTRACT 
A head-up display optical projector using a Petzval 
type collimating optical system ‘wherein a secondary 
image is injected through an optically flat peripheral 
surface of a lens included in the Petzval lens group 
closer to the main image display surface of the projec 
tor, the lens incorporating an interior flat dichroic ?lm 
for combining the main and secondary images. 

5 Claims, 4 Drawing Figures 
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HEAD-UP DISPLAYS 

This invention relates to optical projectors for display 
units of head-up display systems. 

Optical projectors as aforementioned conventionally 
utilize a collimating optical system of the Petzval type, 
Le. a system comprising two spaced apart groups of 
active optical elements. Commonly, indeed usually, an 
optically ?at re?ector is interposed between the two 
spaced apart groups of active optical elements for the 
purpose of bending through 90' the optical path of light 
transmitted from an optical display surface, e.g. the 
screen of a cathode ray tube, located in the focal plane 
of the optical system. 
Not infrequently there is a need for a second optical 

display surface, for example for a standby sight arrange 
ment, to be included in the projector. A number of 
designs of this kind exist, some injecting the standby 
sight image from one side, some in two halves from 
both sides, some using a graticule ?xed in space, others 
a graticule moved up and down through a mechanical 
drive to control the “depression” of the aiming point, 
some illuminating the graticule by a lamp directly or 
through a ?bre optic bundle, and some using light emit 
ting diodes for this purpose. 

In known projectors the provision of such a standby 
sight arrangement extends the optical path length of the 
projector with consequent limitation of the optical per 
formance of the projector. 

It is an object of the present invention to provide an 
optical projector for a head-up display system wherein 
this dif?culty is overcome. 
According to the present invention an optical projec 

tor for the display unit of a head-up display system 
comprises: a ?rst optical display surface; a ?rst collimat 
ing optical system for light from the said display sur 
face, the said optical system being of the Petzval type 
and including in that lens group which is the closer to 
the said display surface a lens having an optically ?at 
peripheral surface and an interior ?at dichroic ?lm 
which is transmissive to light from the said display 
surface; a second optical display surface laterally dis 
posed with respect to the said lens and parallel to the 
said ?at peripheral surface; and, between the second 
display surface and said flat peripheral surface, an opti 
cal arrangement which, with the said lens and those 
optical elements downstream from the said lens, forms a 
collimating optical system for light from the second 
display surface re?ected by the dichroic ?lm. 
One optical projector in accordance with the inven 

tion will now be described by way of example with 
reference to the accompanying drawings in which: 
FIG. 1 shows in elevation a schematic diagram of the 

optical elements of a typical prior art optical projector 
for a display unit of a head-up display system; 
FIG. 2 shows in plan a schematic diagram of a beam 

splitter used in the projector of FIG. 1; 
FIG. 3 shows in elevation a schematic diagram of an 

optical projector in accordance with the invention; and, 
FIG. 4 shows, schematically, in plan, a beam splitter 

lens used in the projector of FIG. 3. 
Referring to FIG. 1, in the typical prior art optical 

projector there is a Petzval optical system comprising 
two groups of optical elements A and B. The optical 
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system collimates light from optical data presented at ' 
the screen 11 of a cathode ray tube 13. Between the 

2 
groups A and B of optical elements there is a re?ector 
15. 

Light from the optical system is incident on an optical 
combiner (not shown), i.e. a beam splitter, on the for 
ward line of sight of the observer to the distant scene. 
The observer thus sees the optical data presented on the 
screen 11 superimposed on his view of the distant scene 
through the combiner. 
The group of optical elements B of the Petzval sys 

tem includes a further beam splitter 16. The beam split 
ter 16 is in the form of a block of glass having optically 
?at and parallel major surfaces 17a, 17b. 
The block is formed from two parts 19a, 19b bonded 

together with a film of dichroic material 21 at their 
interface which is transmissive to light in a certain 
waveband characteristic of the cathode ray tube screen 
phosphor. 

Laterally located with respect to the beam splitter 16 
there is a standby sight 27. This comprises a planar, 
optical display element 25 and, between the element 25 
and the beam splitter 16, a lens arrangement 28. Light 
from the display element 25 is, unlike light from the 
cathode ray tube screen 11, reflected at the dichroic 
?lm 21 of the beam splitter 16. As remarked earlier, the 
display element 25 may, for example, be a graticule, 
movable or stationary, illuminated by a lamp directly, 
or through a ?bre opticbundle, or by an array of light 
emissive diodes. , 

The position and size of the beam splitter 16 is deter 
mined by the angular size of the standby image to be 
injected and the range of eye positions from which it is 
required to be visible. 
The presence of the beam splitter 16 constitutes a 

limitation to the optical design. It makes the optics 
longer, increases the f-number and in consequence the 
size of the cathode ray tube screen 11 required for a 
given angular size image presented to the observer, and 
reduces the’ maximum ?eld of view visible without 
vignetting. In an arrangement in accordance with the 
present invention this limitation is avoided. 

Referring now to FIGS. 3 and 4 in the optical projec 
tor in accordance with the invention to be described by 
way of example the beam splitter 16 is absent. The opti 
cal system is accordingly shorter and more ef?cient in 
magnifying the image on the cathode ray tube screen 
11. The required beam splitter is now incorporated in a 
lens 29 of the lens group B of the Petzval system. 
To this end the lens 29 is cropped at one side so as to 

form an optically ?at surface 31, and the lens 29 is 
formed as two parts 330 and 33b bonded together by an 
optical cement of matching refractive index and pro 
vided at the interface with a dichroic ?lm 35. The ?lm 
35 is typically inclined to the optical axis of the Petzval 
optical system at an angle in the range 45‘ to 50°. 

It will be appreciated that the dimension of the lens 
29 in a direction parallel to the optical axis is necessarily 
somewhat restricted. However, while it is usually re 
quired that a standby sight covers most of the vertical 
extension of the observer’s ?eld of view a compara 
tively small extension in the horizontal direction is often 
acceptable. The sight may, for example, be in the form 
of a vertical line with short horizontal marks at ten or 
twenty milliradian intervals. Hence, the above-men 
tioned restriction is rarely a disadvantage in standby 
sight applications of the invention. 

I claim: 
1. An optical projector for the display unit of a head 

up display system comprising: 
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(A) a ?rst optical display surface; 
(8) a ?rst collimating optical system for light from said 

?rst display surface, the said ?rst optical display sys 
tem being of the Petzval type and including 
(i) a ?rst lens group and 
(ii) a second lens group, 
(iii) said ?rst lens group being closer to the ?rst dis 

play surface than the second lens group, 
(C) the ?rst lens group including a lens having a opti 

cally ?at peripheral surface, 
(i) said lens having a ?rst surface proximal to said ?rst 

display surface and 
(ii) a second surface distal to said ?rst display surface, 
(iii) said ?rst and second lens surfaces being trans 

verse to the optical axis of the ?rst lens group, 
(iv) said distal lens surfaces being curved, and 

(D) an interior ?at dichroic ?lm which is transmissive 
to light from said ?rst display surface and which 
extends at an angle to the optical axis of the ?rst lens 
group from said second surface to and reaches said 
?rst surface; 
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4 
(E) a second optical display surface laterally displaced 

with respect to the said lens and parallel to the said 
?at peripheral surface, and ' 

(F) between the second display surface and said ?at 
peripheral surface, an optical arrangement which, 
with the curved distal surface of said lens and those 
optical elements down stream from the said lens, 
forms a collimating optical system for light from the 
second display surface reflected by the dichroic ?lm. 
2. An optical projector according to claim 1 wherein 

said lens is formed as two parts bonded together, said 
dichroic ?lm being at the interface between the two 
parts. 

3. An optical projector according to claim 1 wherein 
said ?lm is inclined to the optical axis of the Petzval 
optical system at an angle in the range 45' to 50". 

4. An optical projector according to claim 1 wherein 
said second optical display surface is adapted to inject a 
standby sight image into the projector output. 

5. A display unit for a head-up display system incor 
porating an optical projector according to claim 1. 
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